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1‘asImiat. D . Ubvi HiDC.r. 1. & Ci/\ssi K. R B (19^41 Iho disinhulii'ii '■>( ru.-mali'<Jc piiruMiis Nuihin tiK- ■.lomach 
ol the wcslcfn grey k;tiig;inHi. TfVfi,''. K -Yy S. Aii\t 118(A) 187-l*.(t>. AU NnH’inhrr. 14‘)4 

I he olStningvlul ni:iniitinJcs in (he -.lamiichs ol ten weslcrn grey kanguiiKis i A7»( ;vi/wr.i fiiliiwinnis), 

rniiii Hali.ih, Vielona imiiealcd thal each genu;, eiicuumcied, { Hnuof>li<inn.i. 

/Vy'fn'u.vP’fU/gv/uv and FiUiniit‘nui , r;ceupicii a ■•pecilie legum i!ie Nioiiiach Iheir dtNirihuluin hure ni> 

ri'lalionship to hi^iologieally ddined lega uis ul guslrk mucosa, and llie pathological changes detected in the iiuicosa 
were related more eIoKel> with mucosal type than with local nematode densities. 1 he analonucal and histological 
Ic.mii'es ol the stomach of A/. j'uhviniiMis arc deserihed. 



Kio Woarjs Nemuuida Sirongyloidea. A/di ov'io- 

Introduction 

The clillc’renual locaiisaliun of tiiulliplc. closely 
related parasitic nematode species within the 
gastininleslinal trad ol their hosts has been invest igatcti 
cKiensively in the case of the myiiroid iiaiasi'.cs of 
toiloiscs (Peiier 1963, 1966; .Schad 1963). Niche 
diversiricatioi) has been domonsiraicd on the basis of 
ditferenccs in the linear and radial disiributioii of 
nematode .specie.s and in their leeding behavicnir Ingli? 
fl96K) suggested that because ol'lhc complex anatomy 
ol'lheir stonnichs and thedivcrsiiy orneiiuitode sjiecics 
harbnured W'ithm ihem, the kangaroos represented an 
equally suiluble group of hosts lor studying the 
coexistence of congeneric and coiilamilial neiiiaUrde 
species within ihe same host. Studies tindeiiaken to 
date support [ngiis’ (1968) suggesiton. but have been 
limited ti> the red kangaroo, Mutropus rufus (.see 
Mykyluwyc/ 1964, nud/inski ik Vlykyiowyc/ 1965; 
Ammlel ct ul. 1979) and Ihe lanimtir svallaby. Mtu rapus 
I'/rgt'/i/i (sec Sniales & Mawson I978ai In this sludy. 
Ihe ili.siribuiion of nematodes within ihe sturiiach of 
the western grey kangaroo. Mm'mpits fuH^inosus. was 
inve.stigaled and relationships between this disliibution 
and gastric mucosal histology examined. Rithological 
changes in the ga.siric mucosa were akso investigated. 
F.xaminaiion of ,3/. fuligiiiosii}i allow'cJ analysis ot the 
rclaluinship.s ol lour confamihal genera, and in the ca.se 
of one genus. Cloadiut. the comparative disliihiitions 
of several congeneric Sficcics. 

Methods 

Colli rtiim Ilf mittvriiil 

Stomachs were obtained from ten western grey 
kangiimoN. Meuropus /ii/i.c/no.wi.r , culled at Maltah 
l.,ikes Naiiiinal F'ark {34°4.A'S, I42°15'F.). Victoria in 
November 1990. Animals were shot, weighed ;ind sex 
and body mea.surcmcnls were recorded. The stomach 
was removed rapidly from the carcass, the iK'sopliagus 

Depaniiienl of Veterinarv Science, Hnivcrsiic of Mclbimnic. 

PUikvilIc, Vic A0.S2' 



Miicrnpoiliiiiie, disltihuiion. gXMrie aiMtomy. 




t ig. 1 Sloniach of -A/i» nyiin /u/igiiiMMiA unopened l ines 
and numbcTS indicate Pie poMlions ol Itguliitvs ;iik 1 the ordn 
III which they were applied 

Analonucal landmarks sliown are the oou'pliaeus loi, ihc 
proximal divcrliculuni id), tile gastric pouch tg) and the 
pylorus tp) Scale b.il S cm. 
f ig. 2 Stomach of Mat rupu> opened to show 

djsirihulioii ol the prmcip.d types ol niucosal sui faces, 
delineated by white hrokeii lines the glandular mucosa ol 
ihe pnmmal diverliculuin (dl. the squamous epilhcliuni 
ol'lhc sacsLilar anil uihulai foiesioinach isi, proxmiiil and 
distill to ilie ocsophugub (o) amt the gjisiric sulcus Igsl, llic 
glandular nuicosa of Ihc liibular foresiomach (mi. the 
muco.s.i ol the gastric pouch tgi ami pylorus ipt SVale hai 
-s cm. 
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aticl pylorus wore lied with string:, luimeruus , small 
punclures weru madu in the stoniadi wall and Ihe entire 
sioinaeh was immersed in W litres of itouir.il buflered 
15 9f litrmul saline {ty% rornuildelivde i. 

In the lahorutory, stoiliuehs were washed in water 
lo remwe Ibrmiilin. photographed and wei>;hi;d. then 
sutxlivided with lijiatiires and opened, Analoniieal 
nomeneljiitirc fur the rej:ioiis of the siomaeh lullows 
Hume (ldS2). The ligatures were placed In the 
Ibllowing oixler ( lig I)- at the level of the oesophageal 
opening (It. midw.ay between the oesophageal opening 
ami the cMrcmily of the saeciilai foresiumueh i2i at 
the junction of Ihe tubular lorestomach with the gastric 
pouch (3) and at its junction with the pyloric uniruin 
(4). Subsequently, the tubular roresUmiach was 
subdivided by three hgalures (5-7) placed equidisi.aiitly. 
rite content from each section was removed .and 
weighed. Within each section of the stomach, a 
transverse strip ol tissue was removed, embedded in 
paralTin. sectioned at a thickness of 3/<m. and stained 
with haemalosylin and eosm for histological 
examination. The extent ol the different epithelial 
vegu'iis of Ihe stomach was determined by cutting oul 
the entire squumou,s, mueus-secrcting, glandular 
(proximal diverticulum), gastric and pyloric regions 
iini.1 weighing them I he average w eight per env' of 
each mueosal type was determined by weighing 2 cm 
poriions of each mucosal type, and the area occupied 
III eacli siomaeh was ealeulated by dividing the two, 
,As u control liir hisiopalhokigiL-al examination, a 
single adult M. from Healesville Saneluary. 

killed for other rea.sons, was examined. This animal 
had been treated regularly with urithelrmnlies lo mmove 
nematodes prior lo dealli by intravenous injection of 
a barbilurate Porlinn.s of gastric mucosa wciv fixed 
immediately in lU'Z neutral hulTered formol saline (4'!fi 
formaldehyde) and were processed for histolocical 
exuiiiiiiuliotis as described above. 

/Wrvrv/m/ogirvj/ fihs(rniriani> 
file total number ol iiematoilcs in each section of 
the Itn stomachs vvas estimated by a dilution icelinK|ue 



iCIurk t'l at. 1971) and the number of each species 
present determined by deariiig all nematodes in the 
appmpriatc subsarnplc in laeiophcnol and identifying 
tliem to species under a compound micro, scope. 

To establish whether or not parasite distribuiioii was 
affected by this method ol fixalion, two additional 
stomachs collected were ligated with string at six points 
along their length before being immersed in 
tbrinaldeliyde .solution. 

RepreseiU.nlive specimens of each nematode species 
have been deposited in ihe South .Aiisrr.tlian Miiseuiii 
(SAM). Adelaide. Nomcnelaiure ul species of the 
genera hihiDKirim^vlti.'^ and Clnuchut is ei|iTei)lly iiridei 
revision, bor this study, the species names applied art 
Ihe same a.s those used Ia Beveridge & Arundel 1 1979 1 

Results 

(trass (inniamy af the siomaeh 

The gro.ss anatomy of the stomach of W. hili^iiiosu.<, 
(Figs I. 2) resembles that of A7 gif’iinieu.s (Lunger 
ol I9S0. Dellnw 1982) Wet weight of stomach 
contents (Table I) in individual sections demoristr.atcd 
thai sectiiins I and 2 (= the saceiilai lorestomaeli 
I Lunger cl at. 19801) constiluled 22,3% of lolal 
stomach weight, sections 3-b constiluled 73.5% of touil 
stomach weight (= tubular foresioniachl, and sections 
7 and 8 eonsiitiiied 4.3% of total stomach weight (=• 
hind slornaeti). The gastric sulcus was prnminem and 
extended halfway along the tubular forcslomach. 

Relative surface areas occupied by difterent epithelial 
types (Table 2) demonstrated iliul squamous and 
mueu.s- secreting cpilhelia were the two predominant 
types. The proximal diverliculuni of the saeeiilaT 
((ircstoniucb was lined by a dislinelivc, glandular 
epithelium. The remainder of section I and scciion 2 
ul’tlic stomach is lined by squamous epithelium. .Apatl 
from (be gastric sulcus which is laivcred with a 
squamous epithelium, sections 3 to 6 arc lined with 
cardiac epithelium. Scciinn 7 has an acid-secreting 
fundic epithelium, while section 8 is lined by a 
distineuve pyloric cpillielium 



T \iii I I n»7 of iimifitt of fifth 1 chfl'ereiii revians r;/ ihe sraiiiiiih oj leii Muccopus luliemnsus /mm fhiiinh tatef 

ff'iirioiiiil I'tili., (utaihi. 
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' for key to ‘■loinacli vevlions. .see Fig. 1. 
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I’Abl f‘ - Ari'U, u iirn'ctitu^'i’ i‘l ihc ti’lill. (’o «/’/■ (/ 
ittfltMii ipiihi'hiit in ilu \Ti»iiiirh "I wn Mucni|nis 

InliginuMi'. V/f»m Ikm^i /jMt-i MtUWiinl Pink. I'niiinii. 
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Hi.\l<ilnf‘n(il fi-UWres- nf j>iistnc epiilwliti 
Si,jii.irnotis cpilhdium 

I his epithelium ranged I'mni K0-.12H /U'l it' 
ifiiekiie.ss. Basal cells in this region were irregularly 
ciihoidal ill shape. niiL'Ici were relatively Mnall 
luM'philic and hail a prniiiineni dark nuclei'kis I'he 
cyliiplasin wa.s toinpuel, ccsinophiltc and cell margins 
were mdisiinct . In the mid-region ol the cpuhdium, 
cells were enlarged, cell margins were le.Klily 
distinguishable, irregularly cuboidul or polygonal in 
shape with an enlarged, pale nucleus and promincnl 
nucleolus. Murginiilioii of chromatin was evident in 
most nuclei. Ttiwurds the lumen oftlie stoituich. cells 
hecaiiie stiuainous and the cytoplasm more densely 
eosinophilic. I'hc nuclei were indistinct. On thesudace 
itscll. Ilaltcned kctalinised cells were visible sloughing 
into the lurtien, and in several sccluins, a distinct layer 
ol adherent bacteria was evident, closely applied to 
the superficial kcraiimsed layer. Jhe squamou.s 
cpiihrliuni wa.s folded, with inierdigitaiions of the 
lamina propria pmiccting into the base of the lolds. 



t'aidlac epithelium 

Tins epillielitiin was up |o WIO giii thick and w.is 
com|Jo.sed ofelongute, parallel glands 45 (un in width. 
The c ells lining the glands were cuboidal to columnar, 
25 /mi in length and 10 /tin wide. The glands consisted 
ol two diMinti cellular component.s. The cytoplasm of 
cells at the ha.se of the glands was faintly eosinophilic 
and had a foamy appearance; cell houndarics were 
disiincl. Nuclei were silualed at the buses of the cells; 
they were slender and elongated, and usually 
demonstiuted emarginaiion of chromatin and a 
prominent, .small nucleolus. Cells in the mid-region 
of the glands were eosinophilic and the cyioplasni had 
a granular appearance. Nuclei were large and rounded 
with a prominent nucleolus and punctate, cmurginaie 
ctiromaiin Soilace cpilhdial cells wefe longci and 
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more slender than cells within the glands. The l.imina 
propria was very iiuirow and was bounded iiileriially 
bv a broad lamina musculans mucosae 

Kpitlielium of the proKimai diverticulum 

This epithelium of the proximal divenitiiliim of the 
saccitbmi lorcsUiiiiaeh dil feted fmm that of the caaluw 
region ti-ig. .'U. I'hc epiilielumi was extremely thick, 
up to l.S mm, and was composed of elongate glands, 
up to 1.5.5 mill long and 0.4 mm w ide, which becaiitc 
sinuoiis lowards the base. Cells lining the glands xvere 
i'uboidal in shajie. approximately Is/mi by 10/tm m si/.e 
with a highly eosinophilic cytoplasm. The nuclei were 
small and were situated at the huse of the cell with 
emarginaiion of chromatin or with chromatin 
di.stributcd iii a punLaatc paltcm, and a small nucleolus. 
The liitnitia of glands were dilated and contained a 
highly eosinophilic Iluid presumably secreted by the 
glands. 

Fundic epiihelium 

This epithelium was I 55 mm tliick and wa.s 
comptised of parallel, elongate glands. The histological 
appearance iH' the glands wits similar to that found in 
other mammals, with elongate suiface cells, cuhoidal 
mucous neck cells at the anierior ends of ihe glands, 
.md chief cells and parietal tells towards the b;i.se. 

Pyloric epithelium 

This cpuhdium was 1.2 mm thick ,ind consisted ol 
groups of very long slender glands curving inward 
lowards Ihe stomach (iimen. with slightly .sinuous 
ba.scs. Cells at Ihe basal region were cuboidal to 
columnar, with pale, foamy, eosinophilic cyloplasin, 
prominent nuclei with emarginaiion of c hromatin amt 
a Itirge nuc leolus. In Ihe mid-region of the glands, cells 
tended |o be low cuboid.tl in shape with a more 
eosinophilic cyioplu.sm than ceils at the base. 'I’hc 
lamina propria was narrow and a pamiinenl lamina 
muscularis mucosae was present immediately below 
the base of the glands 

Histopaihological changes in the cpilhelia 

In spile of the laige numbers ol nemalode parasites 
present in the stomachs ol' kangaroos, no gmss 
pathological changes were observed in the mucosa 

The squamous epithelium demonstrated few 
histopaihological changes. Occasional small clusters 
of lymphocytes and matvophages W'crc evident in the 
mid-region of the epulidium, or in the lamina propria 
(Fig. 4). Eosinophils were oceasionally promincni in 
the lanima propri,i. Accumulations ol inflanimatoty 
cells weiv visible, most fiec|Uenily close to the luticlior 
of Ihe squamous and cardiac epilhdia. 

The glands of the cardiac region were intact hislt> 
logically and no developing ricinaiixlcs were seen within 
glands. The lamina propria, however, w'lis dilftiscly 
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nisi'uiHi, noN or Nr.viA:ioDi.s in kangaro(.»s 



mniirijicd with mononuclear cells and granulocytes, 
principally eosinophils, with occusional large, local 
accumulations of cells (Pigs 5, fd The suhmucosa was 
also uniformly infiltrated with the same innainmulory 
cells, 

The pixi\imal iliverliciilum invariably exhibited 
prominent infiltrations of the lamina propria with 
mononuclear cells, predominantly plasma cells, and 
lymphocytes, with a few eosimtphils. sometimes to the 
extent that mnammatorv' tell accumulations oblitcraled 
individual glands (Pig. 3). In spile of the sometimes' 
intense but chronic iitniimmalory reaction, very few' 
ncmatixlcs wem seen within glands. 'Hto.se ciicoimierod 
were wilhin oi just below llie epithelium and were 
surrounded by large accumulations of innammalory 
cells. The futidie mucosa exhibited no signilicaiil 
pathological changes. The pyloric mucosa was 
iiislologically normal in mosi animals, hut in several 
kangaroos, the mcgalo-schiyonts of a coceidium 
developing towards the base ol the glands obliterated 
numerous glands in the vicinity As common as the 
.schi/onts Were ureas of necrosis and intlammatory cell 
debris indicating a site where a schi/oni had ruplumd 
to release (iierozoites. An intense inflammatory 
reaction surrounded megalo-schi/onis, chaniclcrised 
by large numbers of neutrophils and eosinophils. 



HI 

Siiinbirs (iH(l ilisn ihulion of iwmouxk’s 

rhe numbers of neitiulodc parasites litund in each 
of the ID kangaroos examined arc shown in Table 3. 

The distribulion of nematode species and genera in 
terms ot absolute numbers in each section are shown 
m Pigs 7 H. Uxpressiiig the lesulls as densities (wornis 
per g of stomach content) produced similar results, w ith 
the sole cxecpiiunol seel ion I of the stomach, in whic h 
densities of CliHichid spp., were higher than in othei 
sections. Distributions of the genera differed. Clooi iiui 
spp. oecupied the anterior sections (I-4) of tile stonuieh. 
iMhuisinni^slus kini^i and L. cf. hiiiupillii.ms t.ven.vn 
Beveridge &. Arundel iy?yt iiccupicd a relatively 
restricted region in the third segment, and R. UHStmlis 
and P [itiir.'iimi occurred in sections 3-6 of the tubular 
foresloinuch Very few nematodes were detected in 
regions 5-6 of the tubular forestomaehs. In the gastric- 
pouch (section 7), the only nematode species 
encountered was Pthiniwmu This is a new 

host record. P uiismili.\ was liiund in I wo animals, with 
Iwo nematodes in each annual No nematodes were 
found in section fi. Compari.son of d.ita from tlicse 10 
kanganios with those from the two animals whose 
stomachs had been ligated prior to I'ixalimi revealed 
no differences m the disii ibulinn of parasites within 
ihc stomach. 



T SHU -T Nimihen oj Uclmiiilli pimisiu s in ihc \iiiimnk\ ol'lai Macn.ipus tuligiiiusu.s lio/n Ihiiitih Lnkn Niillonul hirk. 
Ill loriit, 
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l-'(g> 3-6- HisUipiillioliigical diiiiigus in dilleieni icgioiis iil ihe siiiniiica ot Mat'ropus lutix’indsiii a.ssociateU wiih iienmiode 
parasilism. .1. glandular epilhchuin of ihe pariclal diveriieuliiiii ^llo^^ iilg dilated iLiniiiia ( I ), tilled with eosinophilic secielion, 
and massive itinilraUons of lyiiiphocyies and plasma cells helween glands; 4. squamous epitlieliuni (s) of llic succulai 
lorc.stomaeh w iih minimal inllaiimialory eliaiigc; 5. base ol glands of cardiac mucosa tromuibular lorcslomac li showing 
dilTuse inllltralioii of lamina propria Willi inonoiiucle.li cells (m, musculavis mucosae); 6. Jislal region of glands ofeardias' 
mucosa showing dH'luse infill nil ion of lamina propiia v. ilh mononuclear cells. Scale bans: I ig. 3, IO)im; Pig. 4. 1 00 mn. 
Figs 5. 6. 50 ;im. 
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Cloacina spp. 



Labiostrongylus spp. 





Stomach section 



Stomach section 



Popovastrongylus pearsoni Rugopharynx australis 





Stomach section Stomach section 

Fig. 7. Distribution of genera of strongyloid nematodes in eight regions of the stomachs of ten Macropus fuUi-inosus from 
Hattah, Victoria. (Bars represent standard errors of means.) 
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Cloacina expansa 



1 2 3 4 5 6 

Stomach section 

Cloacina cf. elegans 
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Stomach section 

Cloacina cf. magnipapillata 



Cloacina hydriformis 
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Stomach section 

Cioacina obtusa 
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Stomach section 

Cloacina sp. 
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Stomach section Stomach section 

Fig. 8. Distribution of species of Cloacina in the eight divisions of the stomach of ten Macropiv, fnliainosux from HatUtlt. 
Victoria. (Bars represent standard errors of means.) 
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liiscqs.'ii-m 

Tht' gLivirit aiijtofnv o1' ni;u.n)|KMJuK was tuvicwed 
by Hume ib)SJ) Thu iuiatomy and Instiilujay ni ihu 
•jloinui’h 'll (In: u;Weiu lifcy Aiiiigartwi, AJ, 
has been desunbud previi'ui^ly (Suhjlut VVilliuin^ 
IK7(i Lungoi VI III I9KU. Dellnw Hi Jliimc 1482) 
llinvever (here l^ iin tnmpHublc infoi inailun lor Ilic 
uliusoly lelaicd spueies M. jiitinLiwsn\. In aJdilion, 
whil.j fho hislologieal olid iilHustiUeUiial lealua’s ol' 
ilie stomach o( ihe uminar walhiby Mm rnpti\ 
liave hevn destribeJ in deiuil (Geiiimdl A- T.njielhardi 
1477). data ior ihc caMtrn gr<ry kang.iroo |ia' bUlyh 
nioic liiuiled Wc examined palhological changes m 
ihe muci’.sa assiieiaied with nernaiudc ponisibsin and 
(he diNlnbuiion of nematodes m ndalionship to 
cf'dhclial [_v(ies ami therefore an exantinaiitm ol botli 
the cross and inieroseopii. leaiureso) the sloiiukh of 
M. w.as nevessary. In this study, the cross 

aii.mirny o( ihc slonuLh of A/. /idi\'//iu\n\ did not dilTer 
signiric.intly from that ol M Proporlioii.'- 

by Weigh' of die three principal stomach regions in M 
/((/l.eWo.MO. •'UCCulai forfsioiiiach. lubular liiitslomacli 
til'd 111 I id si.oiimcli i22‘>l, 74^^ and 4% I, resembled ihal 
ol ,VJ li/x'iwn'icv cln.sdy |23''{. Tl'lVf and 7Sf i I he 
blsiologii.til results Irom ihis study provide additional 
inrorrnaiion on gastric aiialoniy nt'grey kangariMis. The 
most signii'ictnil dilYcrence from earlier worts is Ihc 
recognition that Ihc mucosa ol ihc pmximtil 
diverticulum of .4/. fuli)'iniK\ii.\ is disiiiicily iliHercnt 
hisiologieally Ironi that ol the cardiac region and 
consists ol elongate parallel glands pioduciiig an 
eosinophilic secretion. The siintc K liuo IIt M, 
1 ‘HimiU'ii}.. although Ihc hisli'logical diffcicnces htivc 
iiol been reported in die liicraluic and tiodi stomach 
regions have heen considered to have ati identical 
mucosal tyfie (Hume I4b2j, h concliisaon which W'otild 
appear lo be erroneous. .Mihough aiiulmnicallv 
dislinclive the I'unclion of (Ins isolaled area ol 
glundulur muenvj k unclear 

■Arudonilcal Icrni.s applied hi Ihc shsiiiachs ol 
kangariMW me no| coiisisicnl t.sce Huttie I4H2) Ihc 
syslcni ol nornenclalurc .suggesicd (ly Kichtndson (|OX(l| 
as ronfomiing inosi < loscly lo Nmniiui AiiaimiUi n 
lilYcf/>u;ncY IS stiiiablc for descriptive purposes, bill is 
no! Well 'luited If lunctiomd siudies. I he terminology 
used by Hume (l‘*82l in which Ihe siomach is divided 
into succulai torestoniach, luhulur torcsloniach and 
liiridMomach is more appropriaic when ilciding with 
the diMrihniion of ueniai'Hles and of epithelial types 
and has ihereldrc been tiidi.sed in this siiiJv 
Determining ilie posiiion ol nemaiodcs witlnn an 
oigjii clearly reniures very rapid, fixation or 
imiiiobtllsaiion of the ncinaiodcs following ihi.- diiaiK 
v>l die host With small Imsi .-pceies, (hi.s has heuu 
aeliiL'ved using rapid free/iriG (Schad lypt, fiu.sli A 
lliilmes lUMi) or rapid iinmcrMun in li\aioe ilk'lule 



IdSOi. Wiih large hosts .such as kangaroos, the technical 
iliflicullies arc greater. I'he meihuds u.scd in the past 
have been hgalinn ol ihe siomach iniinedialcly 
(olliiwing the death ol ihe ho.sl in ihe laboraiory 
l.Smales &. Mawson I478b) or ligaiion lulluwing host 
dciitli in die field lDud7inski A Mvkytowyc/ Idb.S, 
Arundel i‘( id 1479) ryiltlcullies iHcur in accuralely 
identilving .uiofoinleal "kuidniarks" and placing 
ligatures on stoniiichs under field conditions and 
Ihereldrc Ihe approach taken here was to rapidly 
immerse the entire stomach in a large volume ol 
formaldehyde solution and carry out its subdivision lu 
the laboratory fhal I Ins did produce an accurate 
rcpresemalion of Ihe longitudinal dislribuiion ol 
nematodes was tonfirmed by comparison w'llfi data 
fi'ont the slomach.s ol two kangaroos which were ligatcil 
in the field prior to rotation. 

Ill spite 111 ujchnical hniitalions, cacli of the nemaiiKle 
genera exhibiteal a reslrielcd localisation within Ihe 
stomach. Data have been piesenled (Fig. 7) as ahsoluu- 
numbers of worms m each stomach section imher than 
nunihci of W'orms per gram of .siomach coiitcm 
idensilv) The only genus (dr which ihe dislribuiion 
piltk'in is altered in eoniparing density ralhcr than 
ahsolutc numbers is C/ondnii becriu.se of the Ingli 
ilcn.sily ol nematodes m section I of tlic stomach 
Clodviiui spp, were located primarily in the saccular 
rorcsioinaijli with maximum densiiies in Seelion I 
hiliii>s!nimi\lu,\ spp. were aixti presenl in Ihe saccular 
lorestomach. but ma.xinniin numbers oeeurivil in 
sectiun .3 at the anterioi end of the lubular foresiomach 
Both Rti^opluiiyia ausirnlis and Fi>pi)vasir<m^ylii‘. 
IH'drwni occurred principally in the iiibuhu 
(tirestomach .ind all strongyloid nemattKles were absent 
froiti Ihc hindstomacb (scebons 7-S). an arc-a of (he 
stomach diaracicnscd in maeropodids by a low pH 
iDud/in.ski & Mykytnwyez 1%.^; Smales and Muwson 
iy7Hh), vind inhabited only by the Irichoslrongyloid 
genus Fihiniii'niii. 

I'hi- ilisiribniion of nciiiatodcs within Ihc .siomach 
ol M ihliyiHdSiis is similar to that reported Idr tilher 
ktingaiSMi -t|KOies. Smales 2k Mawsoii (1978b) loimtl 
that Ch’m ilia spp. wciv most abundant in the saecniar 
lorestomach ol M. viifiviiti while K. aiiMnihs was iiiom 
ahuiidaui ill the lubulai lore.sitnitach. Likewise. 
.Aiundcl t'l ol. (1979) )dund ibai inaxnnum numbers 
of K iiii.fiiiilis occuried in the tubular lorestomach ol 
M nijiis. I hc dislnbution ol Uthiasironf^\hi,\ spp. was 
reslrielcd in M. fiilitimosiis (mainly in sectiim .3) when 
crirnpared with daui from oihci hosts (Dud/hnski 2k 
Mykytow'yc/ 146?. Smalcs & Mawson I478h) bui tins 
tnav be related to pmasiu; density. The nuniher of 
Lohtt>\iniiii;\‘lo\ spp. m the piescnl study was low 
(memt ■= |2<I. ‘liible 3i. Dud/inski & Mykyluwycy 
1146? I divided their specimens of M n<Ju\ inleeled 
with Ifmpii.piailurL'i into “heavily infected’' t >2(MI 
■woims) aiu.1 "ligiilly inlected" (<2(I0 worms) hosts. 
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■|hfv slunsL-d licit the nuMtiium luiinhfi \'l I . 

iilwuys occum-'d in the iiihiil.ir 
ImvsliiiiiiKlt liiJl llial with iiKriSisirij.’ ;ibutuljni:f. ilic 
iiuinlvis lit' nnnwIiHlirs in llif siecului |i>ri.''>li'ni.ii li 
rose. II siiniUii incclKinrsmsopcriileil in M lulwinwis. 
then hipber p:ini.siie densiiics would he e^pl’^ lt d lo 
rcsuli III u MeuiCicaot irwaosi* in punisiic muimIil-is in 
sciriiuns I and 1 ot tlie siomach /’ pfnr\,mi in titir 
Mudy oouirral preiloniinanily in ilio lubilorm 
litreMoinacIi (sccinms 4 and 5) bin in M llie 

sanio specie's oeiiirs pninaiily in llic sat-Vildrin 
loasluinaeli iSiiiales & MaWson l‘)7Hb) The ivasons 
tor this dilTiTt'm-f are in>l kiniwn, (HM n nuiV rctlO' t 
dilfcrenccs in ihf iinaioniv and pliysiolouy ol iln. 
sioinaelis i>l (he eiev kaiijiafoos {M. fii\;(wrri<s and M. 

when eonipaied willi lhai 0l M t u/it'iiii 
(see Kieliaidson IdSlk I anyer i i <il. ld,S(l, Idellow 
P)S2; Dellow & Hume IW2) oi may Ix' a fiineiion ol' 
host Jissoeifilions /’ pMrs<mi is a eoniiiion and 
abiimlaiu paiasite in M euye/in (sec Smales ik; Mawson 
ld7Xai Its disiribniitw in W. /((//y/no.sii.v is iiiuehinoie 
reslrieled, benig kmiwn iiilly I’rom Kanyaroii Kland, 
Soiilh Australia (Heveiidee Idlif'l. Kcfsbroeik. Soiilh 
Aiistrali.i (WiesiuT. nnpiiblislied') and HaUiih. 
Vteioiia. k was noi enouiniered in a survey I'l the 
parasites ol 40 M lutii;inii.tu.\ by Hesendye iSt Aiundel 
(|0'/‘»i. M. ina\ be an abnormal or uriiisual 

bosi lor the pavasile and Ihis may be iVtVvteit in a 
dirtci'inytlisiribniion ol'llie rieniatode in llie sluiiiaeli 

The disirlbuiioii ol amyeneric'paiasilo spes’ics was 
m>l insostipalOil in the ease id ihe two speeies ui 
Lal>n‘.'ilr<in,i;ylii.\ bciausc "• their rehuively restrieteil 
distribution williin llie sloiiiaeh. I. II the sevcial spseies 
ol Climchui pieseni. only ihme. C i\piw\ii. (' 
In'ilnfimiiif, ami C. el. e/i'yiOis oeeui red at sultiieienlly 
hiyl'i densities to permir comparisons In eaeh ease. 
Iliere was no evnleiiee ol Uillerinj! disli ibuiii'iis. Fun'll 
paiusiie had a maximum density in die blind sae ol 
the sacenlai loiestoniaeli. One Clmuiiui spsxics 
oecnried in sections I lo bol the suniiach. bin in veiy 
low lUiiiibers iinlv The d.iia ihercliire siiyyieM that iliete 
IS no or eery lillle leeional sepaunion wdihin the 
sloriiaeh when several euiniienenc .speeies are preseiil 

The laek ol ddlereiiees in iho disrrihniinn of 
conyenerie speeies ol Clomina cimii'aMs willi siiidie’s 
on the oXynroiil iiemaiiules of tortoises (Seliud idM, 
IVliei |0Mn in which each neniidode species was 
slimvn to have a re.sliieled me he. I'hc rosiilts i>blained 
hem. with no apparent niehe see.iveation. aieeoiiMsleiH 
with the hypotheses proposed bv Rohtle (l9S0t for 
iiiOMOi’ciiean paiasnes ol lish. in which lesiiieied 



' I>. Wiesnei 1‘IKS ('um|Kiiis<iii nl helmililli pjraMie 

burdens in We.sle'in yrev kaniianins. .V/arMJ/Ja.s /iiWei'iievin 
(Desinarest. IKi2l era/iny tuuurji. inipiove'd and deyr.ided 
|)iisliiii's kt.vHonli) .\yiieullui'.il Ctillci-’e. unpul’hslicil 
diesis 
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nu hes were abseni but aaprcpjrittns e>i uon.spceilie 
parasites weie assuide’el t*' oeeur in order to laeiliiaic 
rcprotimliori (Kolide IW?!, fi.iidpciitii'in was not 
eonsidcred lo be a sipnil'icnm element in ilisliit'uiions 
as niehe‘ti were su|ier abundant and wcic not siiiuratetd 
In the .s()ceinicns .4' M. pilif;hu>sii\ e.sanmied. the 
niimbi'rs ol Tiematoiles pieseni pei kanjiaroo were low 
wlieii eoiiipaicd with pa'vioiis stuilies (He'veiidye & 
.Arundel IWi Wiesiiei. unpublished') in which lolal 
iieniatixJc numbers ranginj! I'roin .''IKMHHt to 5(Kl.tl00 
were eneoiinlered in sonic kailguroeis. These dal.i imply 
that Ihe nnmbeis it| niche.s available kn im>st speeies 
of easlrie neiiialode.s ni M. luliniiiasiis are- large ami 
It ibis is Ihe case, competition would not be espected 
lo be a niajor laetoi at'l'ccting neinatisJe distributions. 
A tiir larger sample of kangaroos should be examined 
to test for evidence of imeraelions between eomp<.>neiii 
parasite laxa lHosle& Cabaret 1992). However, liltir 
or no evidence of eompetition has been toiind in 
slmnadi-inhal'iiing nematodes in M ivfiis, M 
ffifitinU'iis tir spp (see Hosic & Ucvciidgc 

149 ti. 

Histiip,ithiiloyieal chances m ihe gastric iiiuctisa W'cie 
ivsIiicleJ to dilfuse infiliraiiotis of numomiele-ar cells 
in the lamina pio|>ria between glands. Changes in the 
.siptumi'iis epithelium were negligible. The 
tiioMonueleai cellular inliliiatioiis were diffuse ami 
liiem wa.s no apparent ielaiio(islii(i with nematode 
distribution. Cellular changes m ihe lamina propria 
were most marked in the liibulat loresloniaeh. and rt 
was here that the premest numbers of tiemalotles wem 
Itiund. However, in the saceulai loiestuniueb where 
i'tnai imi spp. were iloniinani. Ihe marked eliaiiges Jii 
Ihe glandular epithelium eoni|iared with Iho Ut'k ol 
change in the adjacent s()iiamous epithelium suggesleU 
that Ihe type of epiihchum present significantly 
inlluences the esteiii ol palhtilogieal changes seen. If 
Ihe luiidus. ah area esscniiully cK'void ol nematodes, 
no significant palhologieui changes weie louiid. 

In the |.iylonc aiiiiuni. toeal lesions detcetetl were 
caused by sehi/.miis of a species of i'nmrni Although 
a number of speeies ol this genus are known to oeeur 
in A'/. /n//.emovi/j (see Bat kcf t7 ui I9K'a, the species 
pieseni ,n the pyloms csnild not I'e ideiiidicd, lieeause 
ofily Ihe oocxsis esereied iri faeces have been deseiibed. 

Ill the study of the puthologieai tlunge.s iniluced in 
Ihe stomach ol M f^iyjinii‘iL\' by iiemaioiles. Arundel 
i’( ul. (I4‘J(1) coniincnlcd on macroscopic Ic.sions eauscil 
by Uihnf.s(r'inf;ylii\ spp.. by SnupyyhiuU'y sp iml by 
Huy;ophiir\ii.\ rt’.u'/mtnuc. None ol the lesions ihs'V 
n'portfil was I'lmml in A/. fuliyini'Mix at IluUah. 
although It Is cvidcfii tlim rtn' presence of < 'huit uui spp. 
and H. uu\lrtilis in the stomach ix'sulted in a iliffiise 
gaslrilis similar lo ihe iiillamnialoty changes induced 
bs sirongyliiiil ni-malodes m ifie large iniesdnes ol 
equids ■'H.irkor A van OrtMirnel luKAj 
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I III. incjii inlcnsily t'l inlcdion ul kanpamos wilh 
>!iisinc nenwii itIcN at Hatuih (Tuhic -V) (nniiin K7.2(M) 
iicitniii'Jcsi was Minilar it' Ihul (‘^5,200) rcporlcil Iroiti 
40 iroiMMnyin^ M. //(//vz/rwig o'llcctcil in western 
Vtduria and in Soulh Auslralia by Bcvx'ridgc & 
Arnnili:l il970i. Givk'ii iho hipli density nl' kaiinanids 
at Hailah al ihe lime ol the eulleelion ot 78 per st|Uare 
kilomelte (Morgan 1*^90), it was eonsidcred possible 
thill paniMie.ibiiiidanec migbi also be higher as oeeiirs 
111 populalion.s ol /V/. ewmlno (Arunilel i-t til IWO). 
hill litis was not the ease. A more detailed siiidy ol' 
die epidemiology ol nemalode inleetiuns in A/ 
tiili.i;iti<‘Mi\ in \vt stern Vieloria is. regiiired tx-hirctbc 
signilieariee ol the euricnl data ean be a.sse.ssed. 
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